Abstract Aim of the work: To evaluate hand impairment and functional disability in scleroderma patients using clinical and ultrasonographic (US) measures.
Introduction
Systemic sclerosis (SSc) is a connective tissue disease characterized by excessive collagen deposition, vascular hyper-reactivity and obliterative micro-vascular phenomenon involving the skin and internal organs [1, 2] . SSc results in skin, tendon, joint and vessel damage leading to worsening of life's quality [3, 4] due to problems of functioning and restricted participation in society [5] . The focus of attention when assessing a patient with SSc is often based on physiological measurements [6] which do not necessarily relate to the true impact of the disease on patient's lifestyle or functional capacity [7] .
The ability of the hand to grasp and manipulate objects is necessary for accomplishing many tasks of daily living [8] and hence leading a normal life. Using the hands normally depends on their anatomical integrity, sensation, coordination, strength and dexterity and is influenced by age, gender and motivation of the individual, together with the presence or absence of disease or injury [9, 10] .
Hand involvement is often the first clinical manifestation during the course of SSc [11] . It occurs mainly due to skin and periarticular thickening causing significant contracture and limitation of finger movements and hand deformity. Hand functions are also compromised because of the overlapping of Raynaud's phenomenon and pain due to arthralgias, arthritis, tenosynovitis, ulcers and calcinosis [12] [13] [14] . Thus, owing to the multi-factorial etiology of hand functional disability in SSc, it is important to define the contribution of each factor or structure to this problem as a requirement for rehabilitationoriented approach to disease management.
Since a successful rehabilitation program of a rheumatic disease patient starts with an appropriate evaluation [15] , the International Classification of Functioning, Disability and Health (ICF) [16] provides a good framework to conduct the rehabilitation evaluation by defining six domains of interest [17] .
Although hand dysfunction was investigated in SSc using different indices and instruments [4, 18, 19] , the associated structural changes as detected by ultrasound (US) were not thoroughly investigated. High-frequency US was used as a quantitative tool assessing skin thickness and echogenicity [20] , median nerve [21] and other structures in SSc [22] . However, to date there is no multi-elemental ultrasonographic assessment of hand structures in SSc patients. This work aimed at evaluating hand impairment and functional disability in SSc patients using clinical and ultrasonographic measures.
Patients and methods
This study included 15 SSc patients fulfilling the criteria for the classification and diagnosis of progressive systemic sclerosis [23] who attended the rheumatology outpatient clinics at the Faculty of Medicine, Alexandria University. The study also included ten healthy controls for the clinical examination and ultrasonographic study. Each patient was subjected to history taking and thorough clinical examination including evaluation of skin involvement using the modified Rodnan skin score (mRSS) of 17 sites [24] . Patients were then sub-grouped into diffuse and limited types [23] . The upper limb sub-score of mRSS was also determined for each patient.
In the present study, evaluation of sclerodermic hand was guided by ICF in the domains of impairment, activities and participation to define the defect in each domain and their mutual relationship. Thus, the following hand assessment measures were determined for each patient:
Hand impairment measures
They were implemented to assess the impact of SSc disease process on the anatomical and functional components of the hand.
Hand structure measures (clinical and US examinations)
In addition to skin thickness assessment by mRSS, hand structure measures included counting the number and position of digital ulcers and their status (active or healed i.e. pitting scars) [25] , presence of Raynaud's phenomenon, calcinosis, joint(s) swelling and tenderness as well as tendon friction rub assessed by palpation during active and passive motion of extensors and flexors of both the fingers and the wrists [26] . Ultrasonographic examination was carried out by a musculoskeletal radiologist to assess the anatomical structures of the hand. Examination was performed by using a 10-12 MHz linear array transducer (En Visor MCMD02AA; Phillips, Amsterdam; Netherlands). This frequency was selected for its wide availability in clinical practice in developing countries. It offers axial and lateral resolution of 0.2 mm and an ultrasonic depth of up to 7 cm [27] , showing a good correlation between US measured dermal thickness and clinical skin score in patients with SSC [28] and reveals metacarpophalangeal (MCP) and interphalangeal (IP) joint hyaline cartilage surfaces well [29] .
The US examination was conducted at same time between 11a.m. and 1p.m. to eliminate diurnal variation in dermal edema [30] . Subjects were comfortably seated on a chair facing the examiner. The arms were extended; wrists were rested on a hard flat surface, forearms were alternatively supinated and/ or pronated, for imaging of areas of interest. An adequate amount of sonographic gel was used to allow optimal visualization of the most superficial structures. Standoff pads were not used as no substantial improved image quality was depicted in controls. B-mode images in both axial and sagittal planes were used where the whole skin thickness extending between gel-epidermis and dermis-subcutis interfaces was measured [31] .
Eight skin sites (approximating to those of the upper limb mRSS) were identified by the following landmarks on each side: middle finger (dorsum of the middle phalanx), dorsum of the hand i.e. 2nd web space (2nd/3rd intermetacarpal space, 2 cm proximal to the adjacent MCP joints), the flexor aspect of the forearm (10 cm proximal to the ulnar styloid), the ventral aspect of the upper arm (10 cm proximal to the medial epicondyle) [31] . All long finger flexor and extensor tendons were screened bilaterally for any abnormalities of contour or echogenicity as well as presence or absence of tenosynovitis. All MCP joints were screened bilaterally for presence or absence of effusion, erosions or osteophytosis. Cartilage thickness of the 2nd MCP joint was measured while the hand was in a functional position of ball-catch with 60°-90°flexion through dorsal approach (done for patients only) [29] . Screening of terminal phalanges was also done to reveal distal acrolysis. The flexor retinaculum was identified as a variably bowed echogenic band that spans the carpus. Its anteroposterior thickness was measured and scored. The median nerve was identified immediately beneath the retinaculum on axial scans, as elliptic in outline going to progressively flatter as it passes through the canal with its characteristic sonographic appearance of multiple parallel hypoechoic areas (fascicular component) surrounded by echogenic perineurium and/or epineurium.
Skin thickness and cartilage thickness were measured in cm, while the median nerve surface area was measured in cm 2 .
Hand function measures
a-Grip and pinch strength were measured in kilograms by a handheld dynamometer (Preston hand dynamometer and pinch gauge) for patients and controls bilaterally. The average of three trials was determined for each subject. The strength of small muscles of the hand was assessed by Medical Research Council (MRC) [32] . b-Finger range of motion (ROM) was measured by the standard finger-to-palm (FTP) (sometimes referred to as fist closure) and the delta FTP methods [18] . Full fist closure was recorded as zero [7] . c-Hand Mobility in Scleroderma (HAMIS) test [2] . It is a 9-item hand performance test that measures, for each hand, functional impairment by testing the reduction of ROM [11, 19] . Each task is scored from 0 (no impairment) to 3 (cannot do), yielding a total possible score of 27 for each hand [2] and 54 overall [19] . Higher scores reflect poorer hand mobility. d-Hand Functional Index (HFI). It was used to evaluate global hand and wrist mobility. It represents the first 9 questions of Keitel function test [33] . Its score ranges from 4 (best mobility) to 42 (worst mobility) bilaterally [34] ; from 2 to 21 for each side.
Hand disability measures
They were implemented to detect whether (or not) the SSc-induced hand impairment had interfered with the patient's daily life activities.
a-Health Assessment Questionnaire (HAQ) [35] : Global disability in SSc patients was measured by HAQ [25] . The scores of HAQ subscales that pertain to activities that involve a substantial amount of hand function (grip, eating and dressing) were added together and displayed as a separate item [25] . b-Scleroderma HAQ (SHAQ): In addition to the standard HAQ questions about disability, visual analog scales (VAS) to evaluate SSc organ system symptoms; Raynaud's phenomenon, digital ulcers, gastrointestinal tract disease, lung involvement, pain (of both hands), and overall disease severity were included to measure the impact of SSc symptoms on the daily activity during the previous week [25] . These 15-cm scales were scored continuously from 0 to 3 [25] . There was a rationale to consider SHAQ VAS for overall disease severity in our study because it implies all disease-related effects including those which are not measured by SHAQ such as the impact of the disease on other organs as skin and kidneys together with mood changes, etc. Therefore, the patient's own estimation of overall disease severity may be high enough to let him/her refrain from doing his/her daily activities. c-Cochin scale [36] : Also called DuruÖ z Hand Index. It is a self-report scale to measure functional ability of the hand and belongs to the activity limitation domain of the ICF [19, 37] The study was explained to the participants and an informed consent was obtained from each subject. The study was approved by the Local Ethics Committee, Faculty of Medicine, Alexandria University.
Statistical analysis: Statistical Package of Social Sciences (SPSS) version 11.0 was used for statistical analysis. Description of the sample was expressed as minimum-maximum, mean ± SD, frequencies and percentages. Mann-Whitney test was used to compare between patients and controls. Correlations between quantitative variables were detected by Spearman's correlation coefficient. Multiple logistic regression analysis was used to determine the independent predictors of hand disability measures. Cut off values were calculated as the mean ± 2SD of controls for the US data [38] .
Results
Fifteen patients with SSc were included in this study; 13 (86.7%) were females and 2 (13.3%) were males with a mean age of 36.25 ± 12 years (range: 14-51 years). Ten healthy controls were also included; eight (80%) were females and 2 (20%) were males and their mean age was 29.4 ± 8.9 years (13-45 years).There was no statistically significant difference between both groups regarding their age (Z = À1.387, p = 0.165). The mean disease duration of the studied patients was 7.13 ± 6.96 years. All patients and controls were right handed. Ten (66.6%) patients had limited, while 5(33.3%) had diffuse forms of SSc with a mean total mRSS of 25.27 ± 10.2 (range; 11-47); 22.25 ± 4.57 for the diffuse and 27 ± 12.38 for the limited groups, while the mean of the regional (upper limbs) mRSS was 13.27 ± 4.92 (range: 4-20); 12 ± 1.63 for the diffuse and 14 ± 6.11 for the limited groups.
Although all patients had history of Raynaud's phenomenon (RP), none of them was complaining of recent attacks (except for one, 6.7%) as the study was conducted in summer time (July-August). The patient who had RP experi-enced four attacks during the week preceding the examination and each one lasted for about 1 h. All patients received weekly doses of Methotrexate ranging from 10-20 mg. Thirteen (90%) patients used at need NSAIDs due to arthralgia and myalgias. Thirteen patients (90%) received calcium channel blockers due to Raynaud's attacks especially during winter months. Only one patient needed small doses of prednisolone for severe attacks of arthritis. Nine patients (60%) needed proton pump inhibitor and prokinetics for relief of gastrointestinal symptoms of reflux oesophagitis, dysphagia and gastritis. Table 1 demonstrates clinical, functional and ultrasonographic features of the studied SSc patients. It is to be noted that nine patients (60%) had healed digital ulcers which were manifested as pitting scars located at the finger tips, while one patient (6.7%) as mentioned above had active digital ulceration. Among the studied patients, only five (33.3%) had no evidence of digital ulceration. On the other hand, one patient had lesions located at the dorsum of the DIP joints with history of occasional extrusion of a chalky material (calcinosis), while nine (60%) patients had telangiectasia. The SHAQ VAS (=2.97) for RP and digital ulcers were belonging only to the patient who had active RP and digital ulceration, while other patients scored zero. Therefore, these two items were not subjected to further statistical analyses. Seven patients (46.7%) had arthralgia of most of the hand joints with subsequent hand pain on motion. However, there was no remarkable joint tenderness or swelling. Analysis of SHAQ VAS for breathing problems revealed that dyspnea was the main symptom that interfered with the routine daily activities. The clinical problems underlying dyspnea in our SSc patients included interstitial lung disease as detected by pulmonary computerized tomography in ten patients (66.6%) and pulmonary hypertension as detected by echocardiography in three patients (20%). Moreover, pulmonary function tests revealed a restrictive pattern in six patients (40%).
The mean HAQ subscales, which reflected activities depending mainly on hand function (eating, gripping and dressing), were higher than the subscales requiring less hand function (other activities), although not statistically significant (Z = À0.116,p = 0.908). Also the Cochin scale (range 0-90) was generally low in the studied patients (range 0-48), where 7 patients had individual scores ranging from 0-9 i.e. less than 10% hand disability. Moreover, Cochin components showed variable scores with the highest mean related to kitchen activities (10.6 ± 9.1) while the low scores were belonging to other activities, dressing, office-related activities and hygiene (3.58 ± 3.7, 1.7 ± 2.2, 1.25 ± 1.7 and 1.1 ± 2.1), respectively denoting highest disability for the kitchen activities. Fig. 1 (A) demonstrates US findings in a control subject, while Fig. 1(B) shows examples of abnormally thickened skin areas in SSc patients. Moreover, Fig. 2 (A) demonstrates US measurement of mertacarpal head cartilage in a control subject. In addition to the US findings demonstrated in Table 1 , screening for the long finger flexor and extensor tendons was unremarkable as it showed normal echogenic pattern (in agreement with the clinical examination) and none of the SSc patients had bone resorption of the terminal phalanges or soft tissue loss of finger pulp. Moreover, articular cartilage destruction and significant arthropathies were not detected since screening of the examined cartilage was unremarkable. Only the patient who had active RP had some subluxation of the PIP joint of the right 5th finger on static and dynamic scans. (Fig. 2B) . Table 2 demonstrates the comparison between SSc patients and controls regarding the hand function and US features. As for the hand function measures, there was a statistically significant decrease of the mean grip strength bilaterally (right p = 0.004 and left p = 0.016), a statistically significant increase of the mean of both FTP in flexion distance (right p = 0.001 and left p = 0.001) and a statistically significant decrease of the mean of both delta FTP distance (p = 0.001 for each side) in patients compared to controls. It is to be noted that the extrinsic and intrinsic muscle strength ranged from grade 4-5 according to MRC.
Moreover, comparison of the US findings of the hand revealed a statistically significant increase of the middle finger dorsal skin thickness bilaterally (right p = 0.002 and left p = 0.022), a statistically significant increase of the mean 2nd inter-metacarpal web space skin thickness bilaterally (right p = 0.022 and left p = 0.023), a statistically significant increase of the mean flexor retinaculum thickness bilaterally (right p = 0.005 and left p = 0.034) and a statistically significant decrease of the mean median nerve surface area bilaterally (right p = 0.000 and left p = 0.000) in patients compared to controls.
Using the cutoff points for the skin and other structures, the frequency of abnormal US findings among the studied SSc patients was determined. Increased arm skin thickness was found in one patient (6.7%) on the right side and one patient (6.7%) on the left side, while the forearm skin thickness was increased in two patients (13.3%) on the right side and four patients (26.7%) on the left side and was decreased (atrophied) in one patient (6.7%) on the right side and four patients (26.7%) on the left side. Regarding the hand skin, the middle finger dorsal skin thickness was increased in 12 patients (80%) on the right side and 12 patients (80%) on the left side, while the 2nd web space skin thickness was increased in six (40%) patients on the right side and 11 (73.3%) patients on the left side. The flexor retinaculum thickness was increased in nine patients (60%) on the right side and one patient (6.7%) on the left side i.e. the frequency of increased flexor retinaculum thickness was very high in the dominant compared to nondominant sclerodermic hands (9:1). Moreover, the median nerve surface area was reduced in 12 patients (80%) on the right side and 12 patients (80%) on the left side. It is to be noted that none of the studied patients had clinical features suggestive of Carpal Tunnel Syndrome (CTS).
Comparison between patients with limited and diffuse forms of SSc revealed no statistically significant difference in the mean values of age (Z = À0.478, p = 0.633), disease duration (Z = À0.387, p = 0.699) as well as all hand functional and clinical parameters including the total mRSS (Z = À0.756 and p = 0.45) and the upper limbs sub-score of mRSS (Z = À0.575 and p = 0.565). Regarding the US findings of the hands, there was no statistically significant difference in the mean values of the studied parameters except for a significant increase in the mean right flexor retinaculum thickness in patients with limited compared to those with diffuse SSc (Z = À2.091, p = 0.037). Concerning the arm skin thickness, there were no bilateral statistically significant differences between both groups (Right side mean ± SD; diffuse = 0.118 ± 0.082, limited = 0.102 ± 0.03, Z = -0.258, p = 0.796. Left side mean ± SD; diffuse = 0.114 ± 0.04, lim-ited = 0.082 ± 0.04, Z = À0.962, p = 0.336). Regarding hand disability measures, there was a significant increase in the mean HAQ subscale of the activities requiring less hand function, i.e. referred to in this study as ''other activities'' (Z = À2.084, p = 0.037) and the hygiene subscale of Cochin scale (Z = À1.962, p = 0.05) in patients with diffuse compared to limited SSc. There was also no statistically significant difference regarding the different SHAQ VAS between both groups including the SHAQ VAS of overall disease severity (mean ± SD; diffuse = 1.3 ± 1.33, limited = 1.64 ± 1.05, Z = À0.597, p = 0.551).
Regarding the age of SSc patients, it was positively correlated with the right arm skin thickness (r = 0. Moreover, a statistically significant positive correlation was found between the total mRSS and its upper limb sub-score (r = 0.945 ** , p = 0.000). Table 3 demonstrates the correlations between the different hand disability measures and the clinical and ultrasonographic parameters. The overall results showed that the studied hand disability measures scores were negatively correlated with grip and pinch strength i.e. hand weakness leads to significant disability. The disability was significantly increased with worsening of the ROM i.e. hand disability measures scores were positively correlated with FTP in flexion distance and negatively correlated with FTP in extension distance as well as the delta FTP. Moreover, the HAQ hand subscales and Cochin score were positively correlated with HAMIS and HFI. The increased thickness of the right flexor retinaculum was associated with significantly less disability i.e. two Cochin sub-scores were negatively correlated with right flexor retinaculum thickness. SHAQ VAS for pain was significantly corre- lated with impaired ROM. Moreover, there were positive correlations between hand disability scores. Table 4 demonstrates the correlations between the US data and the clinical parameters. It shows that increased right 2nd inter-metacarpal web space skin thickness, decreased flexor retinaculum thickness and the reduction of articular cartilage thickness were significantly correlated with worsening of hand mobility (as detected by HAMIS and FTP distances). There was no statistical significant correlation between US findings and the mRSS of the examined skin areas. More specifically, there were no significant correlations between either total or regional mRSS and any of the US skin thickness findings in the studied SSc sample, whether as a whole or the subgroups (limited and diffuse).
Multiple logistic regression revealed no individual independent predictors for the HAQ hand subscale, Cochin score and the studied SHAQ VAS scales.
Discussion
In the present study, we evaluated sclerodermic hand impairment and disability using both clinical and imaging tools. It is important to point out that using the ICF as a reference framework allows one to define the domains which are covered by a specific instrument and, therefore, whether it is necessary to complement the study with other instruments (as some disease-relevant domains may not be covered when a single instrument is used and thus, such domains may not be assessed in a given study). Therefore, it is important to firstly define ''what to measure'' then to recommend how to measure it [39] . Thus, in our study each ICF domain was measured by several instruments to cover the different aspects of SSc consequences.
Sclerodermic hand impairment
Regarding the hand function measures, there was a statistically significant decrease in the mean grip strength (right: p = 0.004, left: p = 0.016) and increased FTP (flexion) distance (p = 0.001 for each side) in SSc patients compared to controls, while there was no significant difference between both groups regarding pinch strength. On testing the grip strength, subjects have to exert a firm grip on the handle of the dynamometer which requires the maximum output of the long finger flexors. The more the finger flexion (at the three finger joints; MCP, PIP and DIP) the more the grip is [40] . Several factors in this study were found to impede the maximum grip strength in SSc patients including, limited finger flexion due to skin thickness, painful hand movements (mainly due to arthralgia) and muscle weakness due to pain and diminished hand activity (disuse atrophy) because in this study, the extrinsic and intrinsic muscle strength ranged from grade 4-5 by MRC. These musculoskeletal deficits were in agreement with those described by Akesson et al. [26] .On Figure 1A Axial US images across the palmer aspect of the wrist of a control subject; showing flexor retinaculum measurement cursors in (I) and surface area of the median nerve encircled region in (II). Measurements of skin thickness, marked by white cursors between the gel-epidermis and dermis-subcutis interfaces, in sagittal planes of the distal fore-arm (III) and arm (IV) regions in a way comparable to mRSS used clinically. the contrary, pinch strength (palmar pinch) [6] requires only limited flexion at PIP and DIP joints [40] . In this condition, there is little or no pain, therefore, the force exerted is representative of the muscle force. Hence, the overall pinch was comparable to controls. Thus, it can be assumed that on interpreting the results of such instruments used for functional evaluation, one must have a global view and consider all contributing factors, in contrast to the routine clinical examination which (in some instances) focuses on each musculoskeletal component independent of others.
In the present study, skin thickness of the hands (assessed by US) in selected areas was significantly increased in SSc patients compared to controls (right: p = 0.002, left: p = 0.022 for middle finger dorsal skin and for 2nd,3rd intermetacarpal web space; right: p = 0.022, left: p = 0.023). Our results were in agreement with Akesson et al. who used 10 MHz dynamic US examination of the index finger skin in SSc patients and controls [20] . Other studies using higher frequencies showed the same results [20, 31, 38, 41] . Moreover, some of these authors measured skin echogenicity in order to determine the phase of SSc (edematous or indurative phases) [20, 38] .
Although the mRSS is the clinical counterpart of skin thickness assessment by US, there were no significant correlations between either total or regional mRSS and any of the US skin thickness findings in the studied SSc sample, whether as a whole or the subgroups (limited and diffuse). This discrepancy can be attributed to several factors. Firstly, some patients may present with different phases of skin involvement (edematous or indurative). Thus, patients with edematous skin may score ''0'' on mRSS if the skin is soft and edematous, but had increased skin thickness by US [38] . Secondly, some SSc patients may present with apparently normal skin (uninvolved by mRSS) and US may reveal skin thickness (subclinical involvement) [38, 41] . Moreover, by using mRSS, stating the score of a given area must correspond to the prevailing score of the area under examination especially in the extensive skin areas as the forearm [26] , whereas US measurement was confined to a specific location according to the proposed protocol. Such locations may not necessarily reflect the representative score of this area [26] . Nevertheless, Hesselstrand el al [38] found a correlation between the total mRSS and local skin thickness and echogenicity at five examined sites suggesting that US examination of one site reflects total skin involvement [38] . Moreover, Kaloudi et al. [42] , evaluated the digital dermal thickness in 70 SSc patients by high frequency US and found significant dermal thickening in patients with a highly signifi- cant correlation between the global mRSS and the local digital dermal thickness [42] . In the current study, using US of higher frequencies and searching for a correlation between mRSS and US examination of the corresponding anatomical region might possibly yield significant results.
Among the US findings in this study was the significant thickness of the flexor retinaculum (FR) in patients compared to controls (right: p = 0.005, left: p = 0.034), with a tendency toward more involvement of the right FR. Being a band of fibrous tissue [40] , the FR is expected to be thickened in SSc due to increased collagen deposition [1, 2] . However, the relative thickness of the right FR compared to the left one could be attributed to hand dominance (all patients were right-handed). This may be related to the effect of repetitive use of the sclerodermic hand in daily activities. Although this is generally less than the normal hand, the pattern of sclerodermic hand use is different from the healthy one in accomplishing the same task [6] . Such a pattern may involve trick or compensatory movements, which may impose more stress on the tissues. This may result in repetitive micro-trauma to hand structures including the FR which is essential to keep tendons in place [40] . The repeated micro trauma in SSc patients may lead to tissue reaction similar, but more exaggerated, to those excited by tissue injury [43] with subsequent excessive production of collagen, a process enhanced by the major fibrogenic cytokine, TGFW [44] .
In the current study, increased right FR thickness was correlated with better joint ROM and less hand disability, a finding that was unexpected and no plausible explanation could be suggested. But at least it may be deduced that the increased thickness of FR cannot be considered as an index of disease disability.
The results also revealed bilateral statistically significant reduction of median nerve (MN) surface area as it passes immediately under the FR in SSc patients compared to controls (p = 0.000 for each side). Our result was in contrast to that of Bandinelli et al. [21] who found a significantly increased MN cross sectional area in SSc patients. The main technical difference between both studies was that we measured the MN as it passes immediately beneath the FR, while Bandinelli et al. measured it at the proximal inlet of the carpal tunnel (CT) [21] . This may account for the different results. The compression of MN by the FR may cause constriction of the MN trunk leading to proximal nerve swelling and edema, in contrast to nerve atrophy (our results) beneath the FR. The latter was found to be significantly thickened in our SSc patients. However, in SSc patients, MN involvement in the CT may also result from ischemia of the vasa nervosa following vasospasm [45] . In spite of the MN atrophy, none of our patients had clinical features suggestive of CTS. Such a discrepancy between the clinical and sonographic findings in CTS was previously reported [46] .
The wrist joint and small joints of both hands were screened by US and revealed no abnormalities as bone erosion, acrolysis, joint surface irregularities, synovial or capsular thickening or calcinosis denoting normal articular and periarticular struc- Correlations between the different hand disability measures and hand impairment measures (structural/functional) (only significant correlations are shown) (Spearman correlation coefficient).
[47]. We sampled the thickness of the articular cartilage of the 2nd MCP joint bilaterally in SSc patients without the need to get control values as the practical experience of the US performer plays an important role in judgment of the examination results [48] .
Sclerodermic hand disability
The HAQ was employed as a validated instrument that covers activity and participation in SSc patients [34, 39] . Our results showed that the score of the hand function-related subscales was higher in SSc patients compared to the subscales of other activities (although not statistically significant), a finding which was in agreement with Merkel et al. [25] . However, the latter study examined SSc patients with RP and found a significant increase in the rates of disability and pain in patients with digital ulcers compared to those without digital ulcers and concluded that some degree of disability in SSc was related to RP and digital ulcers activity [25] . In our study, only one patient had active RP and digital ulcers because our study was conducted from July to August. The hand disability as measured by HAQ may be related to muscle weakness (significant negative correlation with pinch and grip strength bilaterally) as well as impaired hand mobility (significant positive correlation with right HAMIS). Thus, in the current study, hand weakness and limited mobility may underlie the hand disability assessed by HAQ. In a study performed by Del Rosso et al., the correlation between HAMIS and total HAQ was fair. Their explanation was based on the fact that HAQ includes many items not exclusively assessing hand function [2] . Similar to HAQ hand subscale, muscle weakness and impaired hand mobility could explain the disability assessed by Cochin scale based on the correlation study. However, it was generally observed that the mean score and range of Cochin scale was relatively low in spite of the significant structural and functional impairment of the studied hands i.e. decreased grip strength and joint mobility and increased skin thickness compared to controls. This supports the view that the relationship between impairment and disability is not straightforward. Patients may adopt their intrinsic or adaptive recovery mechanisms depending on the integrity of the unaffected organs/ segments and on a complex interaction between psychosocial (e.g. motivation), cognitive (e.g. memory, attention and space perception) and sensorimotor skills [36] . It was also observed that the highest score was related to kitchen activities, while the lowest was related to hygiene. Kitchen activities mentioned in the scale depend on good grip strength which was significantly impaired, whereas hygiene activities depend on pinch strength which was relatively better in our patients. Cochin scale was employed in several studies to assess disability of the sclerodermic hand [2, 18, 19, 34] . A study conducted by Brower and Poole showed Cochin scores similar to ours with respect to the total score and subscores [19] and another one conducted by Del Rosso et al., found (in agreement with us) a strong correlation between Cochin scale and HAMIS [2] . Also, Rannou et al. found a significant increase in the total Cochin scale in patients with diffuse compared to those with limited SSc suggesting that severe disease is associated with severe hand disability [34] , which was in partial agreement with our results (the hygiene subscale in patients with diffuse SSc was higher than those with limited SSc). In our study, the ''other'' subscale of Cochin correlated negatively with delta FTP and positively correlated with FTP in flexion distance suggesting the importance of joint mobility in accomplishing hand activities, a finding which was not fully in agreement with that of Torok et al. [18] .
Our results demonstrated a negative correlation between Cochin total and its kitchen and ''other'' subscales scores and the FR thickness i.e. the thicker the FR (increased fibrosis), the better the hand functionality by Cochin scale. This finding was surprising. However, this relationship might be explained on a purely mechanical basis where the FR, as strong fibrous band, acts to keep the finger flexor tendons in place [40] . Thus, if the strength of the band increased (becomes thicker), the activities exerted by the individual would be more vigorous i.e. the performance would improve. The validity of this virtual assumption could not be proved because hand dysfunction in SSc is multifactorial in nature.
Altogether, the positive correlations between HAQ hand subscales and Cochin score with HAMIS and HFI suggested Table 4 Correlations between the ultrasonographic data and hand impairment (structural/functional) parameters (only significant correlations are shown) (Spearman correlation coefficient).
that on using these two impairment measures, one can infer the magnitude of disability.
In our study, pain, as detected by SHAQ VAS, could be attributed mainly to arthralgia (7 patients) and local skin thickening [26] , besides active RP and digital ulcers in one patient. Tenosynovitis was unlikely to account for pain because there was no clinical or US evidence supporting its existence. Moreover, SHAQ VAS for RP and digital ulcers was zero in our patients (except for one). However, the majority of our patients (60%) had pitting scars on top of prior digital ulcerations. These patients reported that they had RP and ulcers in cold weather and hence severe hand pain on performing daily activities. Therefore, our results in this context may not truly represent patients' ailment. Nevertheless, the absence of RP and digital ulcers made it possible to assess the impact of other disease features (as muscle weakness, limited joint mobility and arthralgia) on functional performance of SSc patients which are otherwise not fairly appreciated due to the effect of severe pain caused by digital ulceration.
Our results also revealed positive correlations between SHAQ VAS for overall disease severity and different hand disability measures as well as negative correlations with pinch and grip strength suggesting that if the overall disease severity increases, hand activities will get worse.
In the current study, there was no significant difference between SSc subsets regarding the SHAQ VAS including that of overall disease severity, which is in agreement with Rannou et al. [34] , probably because in both subsets pain, vascular, gastrointestinal and lung diseases can occur [34] . On the other hand, the positive correlation between SHAQ VAS for pain and limitation of finger ROM and the significant correlations between 2nd inter-metacarpal space skin thickness and measures of hand mobility denoted that impaired hand mobility was mainly attributed to pain (mainly due to arthralgia) and increased skin thickness.
Correlation between the different hand disability measures used in this study (HAQ, SHAQ and Cochin) revealed consistent results. For example, if the score of one of them improves, the scores of the others will be expected to improve and vice versa. This is probably because they cover different hand activities that are directly influenced by SSc. These results were in agreement with those of Brower et al. [19] and Rannou et al. [34] .
In conclusion, hand disability in scleroderma is mainly related to impaired hand mobility (attributed to increased skin thickness and arthralgia) and also diminished strength (attributed to pain and disuse). Moreover, arthritis, tenosynovitis, digital ulcerations and calcinosis were not major causes of hand pain and disability in this study. The use of US in adjunct to clinical examination refines the evaluation of hand impairment in scleroderma.
The limitations of this study were the small number of SSc patients which might prohibit the generalization of the study results. Also, conducting the study during the summer resulted in underestimation of the role of digital ulcers and RP in inducing hand disability. Moreover, we assessed the whole skin thickness due to our limited available frequency (10) (11) (12) with poor precision of epidermo-dermal interface.
Accordingly, it is recommended to conduct this work with a larger sample size preferably as a longitudinal study to monitor the changes in hand function with respect to the structural changes which are expected to take place as the disease progresses.
